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ABSTRACT
We present the third instalment of a series of catalogues presenting 12.2-GHz methanol
maser observations made towards each of the 6.7-GHz methanol masers detected in the
Methanol Multibeam (MMB) Survey. The current portion of the catalogue includes the
Galactic longitude region 10◦ to 20◦, where we detect 47 12.2-GHz methanol masers
towards 99 6.7-GHz targets. We compare the occurrence of 12.2-GHz methanol masers
with water maser emission, for which all 6.7-GHz methanol masers in the 6◦ to 20◦
longitude range have now been searched. We suggest that the water masers follow a
more complicated evolutionary scenario than has been found for the methanol and
OH masers, likely due to their different pumping mechanisms. Comparisons of the
6.7-GHz methanol to OH maser peak flux density ratio and the luminosity of the
associated 12.2-GHz sources suggests that the 12.2-GHz maser luminosity begins to
decline around the time that an OH maser becomes detectable.
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1 INTRODUCTION
Methanol masers at 6.7-GHz are an important tracer of
young high-mass star formation regions, which they ex-
clusively trace (e.g. Minier et al. 2003; Xu et al. 2008;
Breen et al. 2013). They are readily detectable in these re-
gions, with more than 1000 sources expected throughout the
Galactic plane (e.g. Caswell et al. 2010; Green et al. 2010;
Caswell et al. 2011; Green et al. 2012a). Slightly less com-
mon are the 12.2-GHz methanol masers, which are always
found to have 6.7-GHz counterparts, and rarely surpass
the flux density of the associated 6.7-GHz methanol maser
emission (e.g. Caswell et al. 1995; B laszkiewicz & Kus
2004; Gaylard, MacLeod & van der Walt 1994; Breen et al.
2012a,b). The two transitions are typically found to be co-
spatial to within a few milliarcseconds (e.g. Moscadelli et al.
2002) and can therefore be utilised in combination to probe
the physical conditions in their immediate environments.
The conditions required to produce luminous methanol
masers in the 6.7- and 12.2-GHz transitions are similar (e.g.
⋆ Email: Shari.Breen@csiro.au
Cragg, Sobolev & Godfrey 2005), meaning that the presence
or absence of a 12.2-GHz methanol maser may depend only
on small changes in the properties of the environment. These
changes occur alongside the evolution of the associated high-
mass star formation region, and as such it has been proposed
that the presence or absence of these masers (together with
other common maser species) can be used to indicate the
relative evolutionary stage of the associated star formation
region (e.g. Ellingsen et al. 2007; Breen et al. 2010a).
The MMB survey has searched for 6.7-GHz methanol
masers in the Galactic plane from longitude 186◦ (through
the Galactic centre) to 60◦ within latitudes of ±2◦
(Green et al. 2009). The initial survey was conducted with
the Parkes 64-m radio telescope and all detected 6.7-GHz
methanol maser sources were followed up with interferomet-
ric observations to gain precise positions. MMB source cat-
alogues are currently available for the 186◦ (through the
Galactic centre) to 20◦ longitude range (Caswell et al. 2010;
Green et al. 2010; Caswell et al. 2011; Green et al. 2012a),
presenting a total of 707 sources.
We have targeted all 99 6.7-GHz methanol masers de-
tected in the MMB survey in the Galactic longitude range
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10◦ to 20◦. This catalogue forms the third instalment of
our 12.2-GHz maser catalogue series, with the first cat-
alogue presenting the longitude range 330◦ (through the
Galactic Centre) to 10◦ (Breen et al. 2012a), and the sec-
ond presenting the range 186◦ to 330◦ (Breen et al. 2012b).
The current catalogue completes the 12.2-GHz follow-up of
all MMB detections published to date. The final longitude
range of 20◦ to 60◦ will be published following the publica-
tion of the MMB targets. Our combined catalogues comprise
the largest, most complete search for 12.2-GHz methanol
masers ever conducted. From this large repository of data
we have uncovered significant insights into the characteris-
tics of these sources (Breen et al. 2010a, 2011, 2012a,b).
2 OBSERVATIONS AND DATA REDUCTION
Using the Parkes 64-m radio telescope we have con-
ducted 12.2-GHz follow-up observations towards all 6.7-GHz
methanol masers detected in the MMB survey in the Galac-
tic longitude range 10◦ to 20◦. Data were taken over three
separate observing sessions; 2008 June 20-25, 2008 Dec 5-
10 and 2010 March 19-23. An effort was made to try and
minimise the time between the final MMB 6.7-GHz obser-
vations (chiefly made during 2008 March, August and 2009
March) and our follow-up 12.2-GHz observations (mostly
made during the 2008 Dec session for sources in this lon-
gitude range). Observations were targeted towards precise
positions derived from interferometric follow-ups of the 6.7-
GHz methanol maser detections.
A detailed account of the 12.2-GHz observation strategy
is presented in Breen et al. (2011), which we briefly sum-
marise here. The observations were made with the Ku-band
receiver, which detected two orthogonal linear polarisations,
on the Parkes 64-m radio telescope. The system equivalent
flux densities were 205 and 225 Jy for the respective polari-
sations during observations in 2008 June, and slightly higher
at 220 and 240 Jy during 2008 December and 2010 March.
At 12.2-GHz, the Parkes radio telescope has a half-power-
beam-width of 1.9 arcmin and the telescope has rms pointing
errors of ∼10 arcsec. The Parkes multibeam correlator was
configured to record 8192 channels across a 16 MHz band-
width. This configuration resulted in a usable velocity cover-
age of ∼290 km s−1 and a velocity resolution of 0.08 km s−1
after Hanning smoothing (applied during the data process-
ing). Flux density calibration was achieved from daily ob-
servations of PKS B1934–638, which, at 12.2 GHz has a flux
density of 1.825 Jy (Sault 2003), and was stable over each of
the observing sessions. We estimate the uncertainty in our
flux density calibration to be ∼10 per cent.
Each of the target 6.7-GHz methanol masers was ob-
served for at least 5 minutes and up to 20 minutes over
the three observing epochs. Targets that were observed dur-
ing more than one epoch were first inspected individually
for maser emission and then averaged together to identify
additional weak sources. Whenever possible, 12.2-GHz non-
detections were observed on more than one epoch to try and
minimise the number of non-detections due to variability.
Data were reduced using the ATNF (Australia Telescope Na-
tional Facility) Spectral Analysis Package (asap). Velocities
are with respect to LSR, with an adopted rest frequency of
12.178597 GHz (Mu¨ller, Menten & Ma¨der 2004) and align-
ment of velocity channels was carried out during processing.
The resultant 5-σ detection limits predominantly lie in the
range 0.55 to 0.80 Jy for a single epoch, and are comparable
to the 5-σ detection limit of 0.85 Jy achieved in the MMB
survey (Green et al. 2009).
All observations were made at a fixed frequency of
12 178 MHz allowing us to create a sensitive bandpass us-
ing the median value for each spectral channel from all the
observations made over each observing run. This strategy
resulted in a smaller noise contribution to the quotient spec-
trum than can be achieved by the usual method of obtaining
a unique reference spectrum for each source. However, this
strategy introduced a baseline ripple which we removed by
subtracting a running median over 100 channels from each
final spectrum; an effective solution for narrow lines such as
masers, but one that makes it difficult to recover broader
features such as those created by absorption since they can
be comparable to the ripple in both width and amplitude. A
further artefact (discussed in Breen et al. 2012a) can arise
when very strong maser emission (100’s of Jy) is present
over large velocity ranges and results in small negative dips
in amplitude either side of the strong maser emission, but
it is unlikely that any spectra in the 10◦ to 20◦ longitude
range have been affected in this way given that the strongest
source had a peak flux density of 29 Jy.
3 RESULTS
We have detected 47 12.2-GHz methanol masers towards the
99 6.7-GHz methanol maser targets in the 10◦ to 20◦ longi-
tude range (Green et al. 2010). This equates to a detection
rate of 47 per cent over this longitude range, and combining
with the detection statistics of the longitude 186◦ (through
the Galactic centre) to 10◦ (Breen et al. 2012a,b) results in
an overall detection rate of 45 per cent towards the 707 6.7-
GHz methanol masers observed in this series of follow-up
catalogues. We attribute the small variation in the detec-
tion statistics to a combination of locality (Breen et al. 2011
found there to be real variations in the detection statistics
in different regions of the Galactic plane), individual source
variability and our somewhat uneven detection limit (i.e.
some sources had longer integration times than others). We
estimate the detection rate of 12.2-GHz methanol masers
towards complete samples of 6.7-GHz methanol masers to
fall within ±5 per cent of our overall detection rate of 45
per cent (for searches with similar sensitivity).
The 6.7-GHz methanol maser targets are listed in Ta-
ble 1, which includes the characteristics of the emission
as detected in the MMB survey ‘MX’ spectra. The inte-
grated flux densities of both the 6.7- and 12.2-GHz methanol
have proven to be useful quantities for comparison (e.g.
Breen et al. 2011). Since this value is not given in the MMB
catalogues for the 6.7-GHz methanol maser sources, we have
determined it using the MMB ‘MX’ spectra, and for inter-
nal consistency, we also derived all other source properties
independently. We find there to be only minor discrepancies
between the values reported in Green et al. (2010) and those
listed here and these differences have mostly arisen due to
the usage of data from slightly different epochs.
Table 1 also gives either the 12.2-GHz 5-σ detection lim-
its at each epoch, or an indication that a 12.2-GHz source
c© 0000 RAS, MNRAS 000, 000–000
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was detected. In the case where 12.2-GHz observations were
completed over two or more epochs, the data-averaged 5-
σ detection limits are generally a factor of
√
2 better than
those listed. We were able to reliably identify some masers
at the 3- or 4-σ limit when there was excellent velocity corre-
spondence with a 6.7-GHz methanol maser feature. Sources
requiring further detailed comments to fully convey their
nature are marked with an ‘*’ in Table 1 and discussed in-
dividually in Section 4.
A similar MMB follow-up survey has been conducted
for the 22-GHz water maser line and the first catalogue cov-
ering the 6◦ to 20◦ longitude range will soon be published
(Titmarsh et al. in prep.). We have therefore been able to
distinguish those 6.7-GHz methanol masers with and with-
out associated water masers in Table 1, and discuss the de-
tectability of water masers compared to 12.2-GHz masers
towards a complete sample of 6.7-GHz methanol masers for
the first time in Section 5.1.
The characteristics of the detected 12.2-GHz methanol
masers are given in Table 2 and list the position of the
6.7-GHz methanol maser target, followed by the 12.2-GHz
peak flux density, velocity of the peak 12.2-GHz emission,
velocity range and integrated flux density. Following some of
the source names, references are given to previous 12.2-GHz
maser detections. Our search of the literature showed that
30 of the 47 (64 per cent) 12.2-GHz methanol maser sources
we detect are new to our search.
Spectra of each of the detected 12.2-GHz methanol
masers are presented in Fig. 1. In the top left hand corner
of each spectrum, the epoch of the observations is noted.
In the case where the spectrum is the average of multiple
epochs, each of those epochs is listed. Spectra are presented
in order of increasing Galactic longitude with the exception
of nearby sources which required vertical alignment to show
features that were also detected at nearby positions. A ve-
locity range of 30 km s−1 is shown, and is centred on the
velocity of the 6.7-GHz methanol maser peak. Two epochs
are presented for G 19.472+0.170n to highlight the reliabil-
ity of weak features detected at a single epoch when the
6.7-GHz source velocity is well matched by weak 12.2-GHz
emission.
4 INDIVIDUAL SOURCE COMMENTS
In this section we highlight sources that are not able to
be completely described in Tables 1 and 2 and Fig. 1. In
particular, sources which are located within small angular
separations, sources that do not formally meet a 5-σ de-
tection limit, or have associations with notable objects, are
discussed. Comments relating to smoothing are in addition
to the initial Hanning smoothing applied to the data as part
of the initial processing.
G10.323–0.160 and G 10.342–0.142. This close pair of
12.2-GHz methanol maser detections have been vertically
aligned in Fig. 1 to highlight the contributions to each
spectrum from the other source. Given that the additional
spectral features associated with G10.342–0.142 at about
9 km s−1 are weak in the G10.323–0.160 spectrum, it is clear
that the contribution to the emission peak at 10.2 km s−1
is low.
G10.472+0.027. This well studied 12.2-GHz methanol
maser is associated with the highest velocity water maser
emission detected towards a high-mass star formation re-
gion, with red-shifted emission 250 km s−1 from the sys-
temic velocity (Titmarsh et al. 2013). The middle of the
6.7-GHz velocity range (67.5 km s−1; Green et al. 2010)
well matches that of the ammonia emission (66.8 to 68.8
km s−1; Churchwell et al. 1990; Purcell et al. 2012) whereas
the 12.2-GHz emission is restricted to slightly red-shifted ve-
locities (73.6 to 76.7 km s−1).
G 10.627–0.384. Although of a reduced magnitude, we
note the presence of real absorption evident in this spectrum
(despite our observing strategy), similar to that detected
previously in the observations of Caswell et al. (1995).
G10.886+0.123. The 12.2-GHz spectrum presented in
Fig. 1 is the average of the 2008 Jun and 2008 Dec epochs,
highlighting the weak single feature at 19.7 km s−1 that was
visible in the 2008 Dec spectrum. Since the signal-to-noise
in the averaged spectrum is higher than the 2008 Dec spec-
trum, weak emission must have been present during both
observation epochs. An additional smoothing over two chan-
nels has been applied to the presented spectrum.
G11.936–0.616. Despite an overall loss in flux den-
sity, this source remains remarkably similar to the spectrum
given in Caswell et al. (1995), including the small absorption
feature to the negative side of the peak emission.
G12.265–0.051. Very weak emission, not detected dur-
ing 2008 Jun observations, was identified in the 2008 Dec ob-
servations. The spectrum shown in Fig. 1 has been smoothed
over an additional two channels and shows a 0.4 Jy peak at
the velocity of the 6.7-GHz methanol maser peak, and an
exceptionally weak secondary feature at ∼60.5 km s−1, cor-
responding in velocity to a 6.7-GHz spectral feature of about
0.7 Jy.
G14.457-0.143. We note that there is a typographical
error in the 6.7-GHz maser position listed in the MMB cata-
logue (Green et al. 2010). Its Galactic coordinates are given
correctly, but the declination given is –16◦27′57.′′5, whereas,
the correct declination is –16◦26′57.′′5. The 12.2-GHz obser-
vations were conducted towards the position reported in the
in the MMB catalogue, placing it at approximately the half-
power point of the 12.2-GHz Parkes beam. This is reflected
in the uncharacteristically high 5-σ detection limit listed in
Table 1.
G18.661+0.034 and G 18.667+0.025. We detect a sin-
gle 12.2-GHz methanol maser feature towards this close
pair of sources. The velocity of the 12.2-GHz emission
at 76.5 km s−1 is consistent with the peak 6.7-GHz
methanol maser feature associated with G18.667+0.025
which has a velocity of 76.6 km s−1. Green et al. (2010)
note that there is some contribution at this velocity from
G18.661+0.034, but that the majority of the emission comes
from G18.667+0.025. Although we can not rule out that
some (or perhaps all) of the 12.2-GHz emission may be as-
sociated with G18.661+0.034, it seems unlikely given that
there is no 12.2-GHz emission associated with the stronger
6.7-GHz spectral features associated with this source and
that the contribution from G18.661+0.034 to the spectral
feature at 76.6 km s−1 is small. We therefore attribute the
12.2-GHz emission to G18.667+0.025.
G19.009–0.029. A weak 12.2-GHz detection observed
at a single epoch (2008 Dec) with a ten minute integration
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. Characteristics of the 6.7-GHz methanol maser targets as well as a brief description of the 12.2-GHz results (either detection or
5-σ detection limits). The full complement of 12.2-GHz source properties are listed in Table 2. Column 1 gives the Galactic longitude and
latitude of each source and is used as an identifier (an ‘*’ indicates sources with notes in Section 4); column 2 gives the peak flux density
(Jy) of the 6.7-GHz sources, derived from follow-up MX observations at the accurate 6.7-GHz position unless otherwise noted; columns 3
and 4 give the peak velocity and the minimum and maximum velocity (km s−1) of the 6.7-GHz emission respectively (also derived from
Parkes MX observations); column 5 gives the integrated flux density of the 6.7-GHz emission (Jy km s−1). Column 6 shows those sources
that are also associated with water maser emission (Titmarsh et al. in prep.). A ‘–’ in either of the detection limit columns (i.e. columns
7, 9 or 11) indicates that no observations were made on the given epoch. The values listed in columns 7-12 are replaced with the word
‘detection’ where 12.2-GHz emission is observed. The presence of ‘conf’ in the columns showing the integrated flux density indicates that
a value for this characteristic could not be extracted do to confusion from nearby sources. Columns 7-12 give the 5-σ 12.2-GHz methanol
maser detection limits and observed velocity ranges for the 2008 June, 2008 December and 2010 March epochs respectively.
Methanol maser 6.7-GHz properties Water? 12.2-GHz observations
(l, b) S6.7 Vp6.7 Vr6.7 I6.7 2008 June 2008 December 2010 March
(degrees) (Jy) (km s−1) 5-σ Vr 5-σ Vr 5-σ Vr
G10.205–0.345 2.0 6.6 6.3,10.4 1.1 – <0.60 –200,140 <0.78 –140,200
G 10.287–0.125 8.1 8.0 1.7,8.3 11 y <0.50 –140,200 <0.80 –200,140 <1.2 –140,200
G 10.299–0.146 0.9 19.9 19.3,20.3 0.7 <0.55 –140,200 <0.80 –200,140 <0.85 –140,200
G 10.320–0.259 9.5 39.0 25.6,39.9 13 y detection
G 10.323–0.160* 90 11.5 2.4,17.8 148 detection
G 10.342–0.142* 15 15.4 7.0,17.0 22 y detection
G 10.356–0.148 0.8 50.0 49.6,50.9 0.3 – – <0.8 –140,200
G 10.444–0.018 24 73.3 67.6,79.0 conf y detection
G 10.472+0.027* 33 75.1 57.5,77.6 conf y detection
G 10.480+0.033 23 59.5 57.0,66.0 conf <0.70 –140,200 – –
G 10.627–0.384* 3.9 4.6 –6.0,7.1 3.3 detection
G 10.629–0.333 6.1 –8.0 –13.0,–1.0 11 <0.53 –140,200 <0.80 –190,150 –
G 10.724–0.334 4.8 –2.2 –2.5,–1.7 1.9 y <0.70 –140,200 <0.72 –190,150 –
G 10.822–0.103 0.3 69.1 68.8,69.4 0.1 y <0.72 –140,200 <0.75 –190,150 <0.75 –140,200
G 10.886+0.123* 12 17.1 14.5,22.0 14 y detection
G 10.958+0.022 12 24.5 23.7,25.1 9.5 y detection
G 11.034+0.062 0.5 20.5 15.8,20.8 0.2 y <0.74 –140,200 <0.77 –190,150 –
G 11.109–0.114 15 32.3 22.8,34.1 25 detection
G 11.497–1.485 68 6.6 4.5,17.1 153 detection
G 11.903–0.102 11 33.8 33.4,36.8 7.3 detection
G 11.904–0.141 65 42.8 39.9,44.2 65 detection
G 11.936–0.150 2.2 48.5 45.9,49.0 3.2 <0.74 –140,200 <0.80 –190,150 <0.54 –140,200
G 11.936–0.616* 43 32.3 30.1,44.3 63 detection
G 11.992–0.272 1.9 59.7 56.3,61.3 1.5 <0.74 –140,200 <0.75 –190,150 –
G 12.025–0.031 96 108.3 104.9,112.8 114 detection
G 12.112–0.126 3.0 39.9 38.4,50.6 3.1 detection
G 12.181–0.123 1.9 29.6 29.3,31.0 1.7 <0.75 –140,200 <0.78 –190,150 –
G 12.199–0.033 14 49.3 48.3,57.1 17 y <0.74 –140,200 <0.79 –190,150 –
G 12.202–0.120 0.7 26.3 26.3,26.7 0.3 <0.73 –140,200 <0.79 –190,150 –
G 12.203–0.107 2.4 20.5 20.0,32.0 conf <0.74 –140,200 <0.58 –190,150 <0.79 –140,200
G 12.209–0.102 11 19.8 16.0,22.0 conf y detection
G 12.265–0.051* 2.2 68.5 60.2,70.6 5.3 y detection
G 12.526+0.016 3.1 42.6 39.0,43.6 3.7 detection
G 12.625–0.017 26 21.6 21.1,28.1 26 detection
G 12.681–0.182 351 57.5 50.3,61.6 836 y detection
G 12.776+0.128 0.5 33.0 30.8,33.1 0.3 <0.74 –140,200 <0.80 –190,150 <0.78 –140,200
G 12.889+0.489 78 39.3 27.8,43.0 100 y detection
G 12.904–0.031 27 59.0 57.7,60.6 28 y detection
G 12.909–0.260 251 39.9 35.3,47.0 303 y detection
G 13.179+0.061 0.8 46.6 45.9,50.2 0.5 <0.73 –140,200 <0.80 –190,150 –
G 13.657–0.599 32 51.2 45.2,52.3 40 y <0.74 –140,200 <0.77 –190,150 –
G 13.696–0.156 1.9 99.3 98.5,108.3 2.8 detection
G 13.713–0.083 13 43.6 42.2,52.9 9.0 <0.76 –140,200 <0.57 –190,150
G 14.101+0.087 86 15.3 4.2,17.9 141 y detection
G 14.230–0.509 3.6sc 25.3 24.6,26.7 1.3 – – <0.79 –140,200
G 14.390–0.020 3.1 26.9 25.0,28.3 2.5 detection
G 14.457–0.143* 0.8 43.1 38.0,43.6 0.7 – <1.2 –190,150 –
G 14.490+0.014 1.3 20.2 20.1,24.2 0.5 – <0.57 –190,150 –
G 14.521+0.155 1.6 3.4 –2.2,5.8 2.4 detection
G 14.604+0.017 2.3 24.6 22.2,35.1 2.9 y detection
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. – continued
Methanol maser 6.7-GHz properties Water? 12.2-GHz observations
(l, b) S6.7 Vp6.7 Vr6.7 I6.7 2008 June 2008 December 2010 March
(degrees) (Jy) (km s−1) 5-σ Vr 5-σ Vr 5-σ Vr
G14.631–0.577 1.1 25.2 24.7,25.5 0.5 – <0.59 –190,150 –
G14.991–0.121 7.3 46.0 44.8,53.9 3.5 – <0.57 –190,150 –
G15.034–0.677 47 21.3 20.1,23.8 17 detection
G15.094+0.192 14 25.7 22.5,26.2 8.0 y detection
G15.607–0.255 0.8 66.0 65.6,66.1 0.2 – <0.57 –190,150 <0.80 –140,200
G15.665–0.499 43 –2.9 –4.5,–2.4 20 y – <0.57 –190,150 –
G16.112–0.303 2.2 34.4 34.2,34.9 1.0 – <0.58 –190,150 –
G16.302–0.196 11 51.9 41.1,52.7 12 detection
G16.403–0.181 0.6 39.1 39.0,39.3 0.2 – <0.57 –190,150 –
G16.585–0.051 37 62.1 56.4,68.8 50 y detection
G16.662–0.331 3.2 43.0 42.5,43.8 1.5 – <0.67 –190,150 –
G16.831+0.079 4.1 58.7 58.4,68.8 7.4 y – <0.56 –190,150 –
G16.855+0.641 1.7 24.2 23.3,24.9 0.9 – <0.56 –190,150 –
G16.864–2.159 29 15.0 14.6,19.8 20 y <0.52 –140,200 <0.80 –190,150 <0.55 –140,200
G16.976–0.005 0.7 6.6 5.7,8.5 0.8 detection
G17.021–2.403 4.9 23.6 17.4,24.6 7.2 y – <0.57 –190,150 –
G17.029–0.071 1.1 91.4 90.9,95.7 0.9 – <0.58 –190,150 –
G17.638+0.157 25 20.8 20.5,21.0 5.9 y – <0.57 –190,150 –
G17.862+0.074 1.4 110.6 107.9,120.2 3.2 detection
G18.073+0.077 5.7 55.6 44.0,57.4 9.7 detection
G18.159+0.094 8.5 58.4 47.5,59.3 6.4 – <0.56 –190,150 –
G18.262–0.244 23 74.3 72.9,80.8 40 detection
G18.341+1.768 96 28.0 27.0,32.0 49 y detection
G18.440+0.045 1.9 61.8 57.9,65.5 3.1 – <0.56 –190,150 –
G18.460–0.004 24 49.4 47.1,49.7 15 – <0.57 –190,150 –
G18.661+0.034* 8.9 79.0 76.0,83.0 conf y – <0.58 –190,150 <0.50 –140,200
G18.667+0.025* 8.7 76.6 76.1,81.0 conf detection
G18.733–0.224 2.3 45.8 44.5,48.9 4.2 – – <0.54 –140,200
G18.735–0.227 4.7 37.9 37.6,38.6 2.3 y – – <0.54 –140,200
G18.834–0.300 5.0 41.3 38.7,43.0 3.9 – <0.56 –190,150 –
G18.874+0.053 14 38.7 37.9,39.6 6.8 detection
G18.888–0.475 5.7 56.5 52.3,57.7 7.1 – <0.56 –190,150 –
G18.999–0.239 0.7 69.5 69.2,69.6 0.2 y – – <0.54 –140,200
G19.009–0.029* 19 55.3 53.8,60.9 29 y detection
G19.249+0.267* 2.6 20.5 12.6,24.8 4.0 detection
G19.267+0.349 5.3 16.2 13.3,17.0 3.3 y – <0.56 –190,150 –
G19.365–0.030 34 25.2 24.4,30.0 22 detection
G19.472+0.170n 18 21.7 17.0,23.0 conf y detection
G19.472+0.170 3.3 13.8 12.7,17.7 conf – <0.80 –190,150 <0.55 –140,200
G19.486+0.151 6.0 20.6 19.0,27.5 conf y detection
G19.496+0.115 7.5 121.2 120.6,121.7 3.3 y – <0.56 –190,150 –
G19.609–0.234 0.7 40.2 38.9,41.8 0.5 y <0.52 –140,200 <0.80 –190,150 –
G19.612–0.120 0.9 53.1 52.6,53.5 0.5 <0.52 –140,200 – –
G19.612–0.134 13 56.5 49.3,60.5 13 y detection
G19.614+0.011 4.0 32.8 30.9,34.8 5.7 y detection
G19.667+0.114* 2.2 14.2 13.9,17.6 2.9 detection
G19.701–0.267 11 43.9 42.0,46.2 13 y – <0.80 –190,150 –
G19.755–0.128 3.6 123.1 116.2,123.4 1.9 – <0.80 –190,150 –
G19.884–0.534 4.7 46.8 46.1,47.8 3.0 y – <0.80 –190,150 –
resulting in a 5-σ noise level of 0.56 Jy. The peak of the
detected emission at 0.4 Jy makes it a 3.6-σ detection. The
velocity of the narrow 12.2-GHz peak (at 55.8 km s−1) falls
within the strongest emission associated with the 6.7-GHz
source, but a weaker, much broader 12.2-GHz emission at
∼59 km s−1 adds credibility to this source as it, too, matches
the velocity of emission associated with the 6.7-GHz source.
G19.249+0.267. We detected a single-feature, 0.4 Jy
(3.6-σ) source at a velocity of 13.3 km s−1, which corre-
sponds to the velocity of the third strongest 6.7-GHz feature
(∼1.8 Jy), during the only observation made at this position
in 2008 Dec.
G19.667+0.114. Although not a 5-σ detection, this
weak 12.2-GHz methanol maser shows multiple features at
the velocities of corresponding 6.7-GHz methanol maser
emission.
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Table 2. Characteristics of the detected 12.2-GHz methanol masers. Column 1 gives the Galactic longitude and latitude of each
source and is used as an identifier; columns 2 and 3 give the equatorial coordinates for each of the 6.7-GHz methanol masers, derived
from interferometric observations (Green et al. 2010). References for previously detected 12.2-GHz sources follow the source name and
are as follows; 1: Breen et al. (2010a); 2: Caswell et al. (1995); 3: Gaylard, MacLeod & van der Walt (1994); 4: Koo et al. (1988);
5: Catarzi, Moscadelli & Panella (1993); 6: Kemball, Gaylard & Nicolson (1988); 7: Caswell et al. (1993); 8: Norris et al. (1987); 9:
B laszkiewicz & Kus (2004); 10: Batrla et al. (1987), and are presented as superscripts. Column 4 gives the epoch of the observed data
(sometimes indicating that the presented data is the average of multiple epochs) presented in columns 5 - 8 which give the peak flux
density (Jy) or 5-σ detection limit, velocity of the 12.2-GHz peak (km s−1), velocity range (km s−1) and integrated flux density (Jy
km s−1), respectively.
Methanol maser RA Dec Epoch S12.2 Vp12.2 Vr12.2 I12.2
(l, b) (J2000) (J2000) (Jy) (km s−1) (km s−1) (Jy km s−1)
(degrees) (h m s) (o ′ ′′)
G10.320–0.259 18 09 23.30 –20 08 06.9 2008 Jun 3.9 36.3 35.9,39.2 1.9
2010 Mar 3.7 36.3 35.9,39.2 1.9
G10.323–0.1601 18 09 01.46 –20 05 07.8 2008 Jun 2.3 10.2 7.4,12.4 1.4
2010 Mar 2.8 10.2 9.8,11.2 1.6
G10.342–0.142 18 08 59.99 –20 03 35.4 2008 Dec 5.2 7.5 7.1,8.6 2.7
2010 Mar 5.6 10.2 6.1,14.0 5.4
G10.444–0.0181,2 18 08 44.88 –19 54 38.2 2008 Jun 6.3 71.9 67.9,73.6 9.6
G10.472+0.0271,2,4,5,6,7 18 08 38.20 –19 51 50.1 2008 Jun 12 75.0 73.6,76.7 8.9
2008 Dec 10 74.9 73.6,76.7 7.6
G10.627–0.3841,2,10 18 10 29.22 –19 55 41.1 2008 Jun 1.4 4.5 4.2,6.5 0.7
G10.886+0.123 18 09 07.98 –19 27 21.8 2008 Jun <0.72 –140,200
2008 Dec 0.6 19.7 19.6,20.2 0.2
G10.958+0.022 18 09 39.32 –19 26 28.0 2008 Jun 1.0 24.5 23.9,25.0 0.6
G11.109–0.114 18 10 28.25 –19 22 29.1 2008 Dec 5.0 23.9 23.5,33.5 3.9
G11.497–1.4851,3 18 16 22.13 –19 41 27.1 2008 Jun 29 9.0 5.9,17.1 16
G11.903–0.102 18 12 02.70 –18 40 24.7 2008 Jun 1.8 33.8 33.6,35.8 0.5
G11.904–0.1411,2,7 18 12 11.44 –18 41 28.6 2008 Jun 17 43.0 42.1,44.0 8.1
G11.936–0.6161,2 18 14 00.89 –18 53 26.6 2008 Jun 4.3 39.8 31.5,42.2 4.5
G12.025–0.0311,2,7 18 12 01.86 –18 31 55.7 2008 Jun 14 108.6 107.7,109.4 8.7
G12.112–0.126 18 12 33.39 –18 30 07.6 2008 Jun 1.3 40.3 40.1,40.6 0.4
G12.209–0.102 18 12 39.92 –18 24 17.9 2008 Dec 0.5 17.4 17.3,18.4 0.2
2010 Mar <0.79 –140,200
G12.265–0.051 18 12 35.40 –18 19 52.3 2008 Jun <0.72 –140,200
2008 Dec 0.4 68.3 60.5,68.3 0.1
G12.526+0.016 18 12 52.04 –18 04 13.6 2008 Jun 0.4 42.5 42.2, 42.8 0.1
2008 Dec 0.5 42.3 42.1,43.0 0.2
G12.625–0.017 18 13 11.30 –17 59 57.6 2008 Dec 5.5 21.6 21.3,24.7 2.2
G12.681–0.1821,2,4,5,7,8 18 13 54.75 –18 01 46.6 2008 Jun 8.0 57.1 55.6,60.3 7.3
2008 Dec 6.3 57.1 56.3,58.5 6.1
G12.889+0.4891,2,5,6 18 11 51.40 –17 31 29.6 2008 Jun 19 39.4 38.9,40.2 8.6
G12.904–0.031 18 13 48.27 –17 45 38.8 2008 Jun 0.4 59.3 59.3,59.5 0.1
2008 Dec 0.6 59.2 58.9,59.7 0.3
G12.909–0.2601,2,5,7,8 18 14 39.53 –17 52 00.0 2008 Jun 15 39.4 38.5,40.5 14
G13.696–0.156 18 15 51.05 –17 07 29.6 2008 Jun 0.7 99.2 99.0,105.2 0.6
2008 Dec 0.6 99.2 98.7,105.1 0.4
G14.101+0.0879 18 15 45.81 –16 39 09.4 2008 Dec 11 11.2 5.7,16.6 11
G14.390–0.020 18 16 43.77 –16 27 01.0 2008 Dec 0.8 28.1 27.8,28.2 0.2
G14.521+0.155 18 16 20.73 –16 15 05.5 2008 Dec 0.4 2.1 1.9,2.1 0.1
2010 Mar <0.79 –140,200
G14.604+0.0171 18 17 01.14 –16 14 38.0 2008 Jun 0.6 24.7 24.6,24.8 0.1
G15.034–0.6771,2,5,7,8 18 20 24.78 –16 11 34.6 2008 Jun 21 23.4 21.2,23.7 12
G15.094+0.192 18 17 20.82 –15 43 46.5 2008 Dec 1.2 23.4 22.9,23.9 0.7
G16.302–0.196 18 21 07.83 –14 50 54.6 2008 Dec 6.3 51.4 51.0,52.5 5.2
G16.585–0.0511,2 18 21 09.13 –14 31 48.5 2008 Jun 2.2 65.9 59.2,68.7 2.1
G16.976–0.005 18 21 44.68 –14 09 48.5 2008 Dec 0.4 6.6 6.5,6.7 0.1
2010 Mar 0.4 6.5 6.5,6.7 0.1
G17.862+0.074 18 23 10.10 –13 20 40.8 2008 Dec 0.5 108.2 107.9,119.7 0.5
G18.073+0.077 18 23 33.98 –13 09 25.0 2008 Dec 0.5 57.2 46.6,57.3 0.5
G18.262–0.244 18 25 05.70 –13 08 23.2 2008 Dec 5.2 79.1 74.5,79.4 3.0
G18.341+1.768 18 17 58.13 –12 07 24.8 2008 Dec 3.5 28.0 27.4,29.0 1.5
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Table 2. – continued
Methanol maser RA Dec Epoch S12.2 Vp12.2 Vr12.2 I12.2
(l, b) (J2000) (J2000) (Jy) (km s−1) (km s−1) (Jy km s−1)
(degrees) (h m s) (o ′ ′′)
G18.667+0.025 18 24 53.78 –12 39 20.4 2008 Dec 0.7 76.5 76.3,76.6 0.2
2010 Mar <0.5 –140,200
G18.874+0.053 18 25 11.34 –12 27 36.8 2010 Mar 0.6 38.5 38.4,38.7 0.2
G19.009–0.029 18 25 44.78 –12 22 46.1 2008 Dec 0.5 55.8 55.8,58.8 0.1
G19.249+0.267 18 25 08.02 –12 01 42.2 2008 Dec 0.4 13.3 13.3,13.4 0.1
G19.365–0.030 18 26 25.79 –12 03 52.0 2008 Dec 1.0 29.8 24.8,30.0 0.5
G19.472+0.170n 18 25 54.72 –11 52 33.0 2008 Dec 0.6 21.5 20.5,22.5 0.4
2010 Mar 0.4 22.2 20.6,22.3 0.2
G19.486+0.1512 18 26 00.39 –11 52 22.6 2010 Mar 2.5 20.7 20.4,26.6 2.1
G19.612–0.1341,2 18 27 16.52 –11 53 38.2 2008 Jun 1.4 50.5 50.2,55.1 0.8
G19.614+0.011 18 26 45.24 –11 49 31.4 2008 Dec 1.0 34.7 34.6,34.8 0.2
G19.667+0.114 18 26 28.97 –11 43 48.9 2010 Mar 0.6 14.3 14.2,16.8 0.2
5 DISCUSSION
This is the third instalment of a series of 12.2-GHz
methanol maser catalogues, comprising the largest, sta-
tistically complete sample of these methanol masers ever
compiled. Although targeted towards 6.7-GHz methanol
masers, such a search is likely to capture the en-
tire population of 12.2-GHz methanol masers since
there have been no serendipitous detections of 12.2-
GHz methanol masers without 6.7-GHz counterparts to
date, and, furthermore, 12.2-GHz methanol masers only
rarely have larger flux densities than their 6.7-GHz
counterparts (e.g. Gaylard, MacLeod & van der Walt 1994;
Caswell et al. 1995; B laszkiewicz & Kus 2004; Breen et al.
2012a,b). Therefore the unbiased manner in which the MMB
survey was conducted, makes this series of catalogues an
excellent representation of the entire 12.2-GHz methanol
maser population.
In addition to the two previous 12.2-GHz catalogues
(Breen et al. 2012a,b), the properties of the 12.2-GHz
masers detected towards the complete sample of MMB
masers that lie south of declination –20◦ (580 sources) have
been derived (Breen et al. 2011). These have shown that
12.2-GHz methanol masers are typically found towards the
more luminous 6.7-GHz methanol masers, which are inter-
preted as being the more evolved objects, and therefore
it is expected that the 12.2-GHz sources trace the second
half of the 6.7-GHz methanol maser lifetime. The 12.2-
GHz methanol maser luminosity is also expected to increase
with evolution, although at a slower rate than its 6.7-GHz
counterpart. This trend was shown to hold among multiple
spectral features associated with single sources (Breen et al.
2012a), with the scatter in the ratio of 6.7-GHz to 12.2-GHz
emission of single features much less within a single source
than across the entire sample.
Within the catalogue papers (Breen et al. 2012a,b) we
have also investigated such things as the completeness of
our 12.2-GHz search, the Galactic distribution of 6.7-GHz
sources with and without 12.2-GHz emission, temporal vari-
ability of 12.2-GHz emission and the incidence of rarer class
II methanol maser transitions. In this third instalment, we
focus our investigation on the association with water and
OH masers and GLIMPSE sources and their impact on our
evolutionary scenario, complementing those investigations
previously presented.
The basic detection statistics are, not surprisingly, sim-
ilar in the 10◦ to 20◦ longitude range to those presented
previously. Within this range, we detect 12.2-GHz methanol
masers towards 47 per cent of 6.7-GHz sources, compared to
40 percent for the 186◦ to 330◦ range (Breen et al. 2012b)
and 46 per cent for the 330◦ (through 0◦) to 10◦ longitude
range (Breen et al. 2012a). Our overall detection rate of 45
per cent is lower than those found in earlier searches (for
which the 6.7-GHz targets were biased towards those as-
sociated with OH masers and IRAS sources; see discussion
in Breen et al. 2011). It is also noted in Breen et al. (2011)
that the 12.2-GHz detection rate is not constant over the
range of Galactic longitudes, perhaps due to a metallicity
gradient across the Galactic plane, or possibly dominated
by localised bursts of star formation that have resulted in
many nearby sources being at a similar evolutionary stage.
Within the current Galactic longitude range, we detect
12.2-GHz methanol masers that range in peak flux density
from 0.4 to 29 Jy and the majority of sources (27) have
peak flux densities less than 2 Jy. The velocity extent of the
detected sources range from 0.1 to 11.8 km s−1. Their spread
of peak flux densities and velocity ranges are confined to
smaller values than those sources in the previous catalogue
sections (which were dominated by strong sources of which
there are few in the much smaller longitude range considered
here).
Fig. 2 shows histograms of the 6.7- to 12.2-GHz
methanol maser peak flux density for all sources over the
longitude range 186◦ to 20◦, as well as the subsamples of
sources with and without associated OH masers (Caswell
1998). The values shown in each histogram have been nor-
malised by the number of sources in each of the three cat-
egories to allow the distributions to be seen without the
difficulties introduced by different sample sizes. The his-
tograms showing sources with and without OH masers nicely
represent a result found previously - that the ratio of 6.7-
to 12.2-GHz emission changes with source evolution, in-
terpreting those OH-associated sources to be more evolved
(Forster & Caswell 1989; Caswell 1997). In particular, Fig. 2
shows that sources associated with OH maser emission are
skewed towards larger values of 6.7- to 12.2-GHz peak flux
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Figure 1. Spectra of the 12.2-GHz methanol masers detected towards 6.7-GHz MMB sources.
density ratio than those without OH masers: reflected in the
results of a Kolmogorov-Smirnov test which gave a p-value
of 0.001, allowing the null hypothesis (that they come from
the same distribution) to be rejected.
5.1 Comparison with water maser emission
The recent water maser follow-up to the MMB targets cov-
ering the Galactic longitude range 6◦ to 20◦ (Titmarsh et al.
in prep.) has allowed us to compare the occurrence of 12.2-
GHz methanol masers and water masers towards a complete
sample of 6.7-GHz methanol masers for the first time. Com-
bining the current catalogue with the methanol masers in the
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. –continuued
6◦ to 10◦ longitude range also covered in the Titmarsh et al.
(in prep.) water maser follow-up observations, we find that
of the 119 6.7-GHz methanol masers in this longitude re-
gion, 61 have associated 12.2-GHz methanol masers. Of the
55 water masers detected towards the 119 6.7-GHz methanol
masers in this range (Titmarsh et al. in prep.), 34 are as-
sociated with sources showing 12.2-GHz emission, and 21
are associated with sources devoid of detectable 12.2-GHz
methanol maser emission. Water masers are therefore de-
tected towards a larger fraction of 6.7-GHz methanol masers
with 12.2-GHz emission (55.7 per cent) than those without
(36.2 per cent).
Water masers are often noted for their sometimes
extreme temporal variability (e.g. Brand et al. 2003;
Felli et al. 2007). While the level to which this affects the
detection of sources with 6.7-GHz methanol masers is not
well characterised, we can estimate the number of water
masers that would have been missed in the Titmarsh et al.
(in prep.) observations using a two epoch study of water
masers towards a sample of methanol masers (Breen et al.
2010b). In their study, Breen et al. (2010b) targeted a num-
ber of sources with methanol masers, finding water maser
emission towards 132 sources on at least one of the two
observation epochs (separated by 10 months). Of the 132
sources, 15 fell below the 0.2 Jy detection limit on one of the
two epochs, implying that ∼5.5 per cent of water masers at
the sites of 6.7-GHz methanol masers are missed in single-
epoch searches. This implies that ∼3 sources of water maser
emission were missed in the Titmarsh et al. sample due to
variability. Given that this is a small number of sources we
can conclude that water maser variability is unlikely to have
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. –continuued
a significant effect on our detection statistics or subsequent
analysis.
Previous analysis of 6.7-GHz methanol maser data
from the MMB survey and 12.2-GHz follow-up observa-
tions (Breen et al. 2010a, 2011) found that the luminosity
of the 6.7-GHz and 12.2-GHz methanol masers increase as
the sources evolve (although at a slower rate in the case of
the 12.2-GHz emission) and that the 12.2-GHz sources were
associated with the later stages of the 6.7-GHz methanol
maser lifetime. We have therefore investigated the 6.7-GHz
and 12.2-GHz luminosity properties of the sources with and
without associated water maser presence. Fig. 3 shows the
peak 12.2-GHz methanol maser luminosity versus the asso-
ciated 6.7-GHz peak luminosity, depicted by black dots for
the whole sample. On the plot, methanol sources in the 6◦
to 20◦ longitude range with associated water masers are rep-
resented by pink triangles, and sources without associated
water maser emission are highlighted with purple crossed-
squares. Also overlaid are the line-of-best-fit for each of the
three groups, colour-coded to match the symbols. These
lines are equivalent to within the errors in both slope and
intercept, confirming what is evident from basic visual in-
spection - there is no appreciable difference in the 6.7- and
12.2-GHz methanol maser peak luminosity properties be-
tween the groups.
The results of similar comparisons with the presence
of rarer class II methanol masers have shown very dif-
ferent results. Ellingsen et al. (2011) found that the pres-
ence of 107-GHz methanol masers was limited to sources
with high 6.7-GHz luminosities, while 37-GHz methanol
masers were associated with sources showing both high 6.7-
and 12.2-GHz methanol maser luminosities (see their fig.
c© 0000 RAS, MNRAS 000, 000–000
12.2-GHz catalogue: longitudes 10◦ to 20◦ 11
N
or
m
a
lis
ed
 n
u
m
be
r
0.
0
0.
2
0.
4
N
or
m
a
lis
ed
 n
u
m
be
r
0.
0
0.
2
0.
4
Log 6.7:12.2 peak flux density
N
or
m
a
lis
ed
 n
u
m
be
r
−0.5 0 0.5 1 1.5 2
0.
0
0.
2
0.
4
Figure 2. Histogram of the log 6.7- to 12.2-GHz peak flux density
ratio for all sources in the 186◦ to 20◦ longitude range (mauve;
panel 1), sources with no OH masers [green; panel 2 (incorporat-
ing all sources covered by the Caswell (1998) complete search for
OH masers)], and sources with associated OH masers [hashed;
panel 3 (Caswell 1998)]. Each panel has been normalised rela-
tive to the total number of members in each category (309 - all
sources; 101 - sources without OH; 95 - sources with OH).
4), a relationship further investigated and confirmed by
Ellingsen et al. (2013). Combining this with the expected
evolution of the 6.7-GHz and 12.2-GHz methanol maser lu-
minosity led Ellingsen et al. (2011, 2013) to suggest that the
37.7-GHz methanol masers likely trace a short-lived phase
signifying the end of the phase where class II methanol
masers are seen, slightly preceded by the onset of the 107-
GHz methanol maser emission. In contrast, the sources as-
sociated with water masers show no systematic trends in
6.7-GHz and 12.2-GHz methanol maser luminosities (but
note that by selection they are generally associated with
the more luminous 6.7-GHz methanol masers), even though
we find that water masers are more likely to be detected
towards sources with 12.2-GHz emission. Perhaps this is
reflecting the different pumping mechanisms of the respec-
tive masers: water masers are collisionally pumped and are
often observed towards sources with outflows, a property
which may be of greater prevalence towards older sources as
traced by 12.2-GHz methanol masers. The general success of
the maser-based evolutionary timeline in producing a self-
consistent explanation of class II methanol and OH masers
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Figure 3. Peak luminosity of the 12.2-GHz maser emission vs the
peak luminosity of the 6.7-GHz maser emission (units of Jy kpc2)
for 281 of the 314 (some have been excluded due to poor distance
determinations or due to confusion with nearby sources)12.2-GHz
methanol masers detected in the longitude range 186◦ (through
the Galactic centre) to 20◦ (Breen et al. 2012a,b, plus the cur-
rent paper) (black dots). The pink triangles represent sources
with an associated water maser (Titmarsh et al. in prep.) in the
6◦ to 20◦ longitude range. The black dots that are encased in
a purple square represent the population of 6.7 and 12.2-GHz
methanol masers covered by the (Titmarsh et al. in prep.) water
maser search where no detection was made.
may be because those transitions are radiatively pumped
by the dust emission which is warmed by the protostar and
hence more closely tied to its properties. In contrast, the
collisionally pumped maser transitions such as water (and
perhaps also class I methanol) depend on interactions be-
tween the protostar and the environment (e.g. the presence
of outflows interacting with molecular gas). This is consis-
tent with the large number of water masers throughout the
Galaxy, as if they simply require an outflow and molecular
gas those conditions may exist over longer timescales than
do the appropriate radiative conditions close to the proto-
star. It also explains why water masers cannot easily be tied
to a specific evolutionary phase, since for some protostars in
the class II maser phase they may have an outflow interact-
ing with surrounding molecular gas, or they may not. The
probability of interaction may generally evolve over time (as
the power of the outflow evolves), but this is not likely to
produce a good correlation between maser occurrence and
evolutionary phase.
5.2 Comparison with OH masers
Caswell (1998) presents a large catalogue of 1665- and 1667-
MHz OH masers, predominantly detected towards sites of
star formation. It incorporates the results of a complete
search of a strip of the Galactic plane, along with targeted
c© 0000 RAS, MNRAS 000, 000–000
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observations of known sources, conducted with the ATCA
and resulting in precise positions of more than 200 1665-
MHz OH masers. Using the 6.7-GHz methanol maser data
available at the time, Caswell (1998) confirmed the close
association of OH masers with 6.7-GHz methanol masers,
estimating that 80 per cent of OH masers have 6.7-GHz
methanol maser counterparts. The complementary associ-
ation rate of OH maser towards methanol masers is esti-
mated to be much lower, perhaps less than 40 per cent
(Breen et al. 2011), accounting for the greater numbers of
detected methanol masers. Statistics on the population of
OH masers detected towards methanol masers, and those
without associated methanol masers will be more accu-
rately represented by ongoing surveys for the ground-state
OH maser lines (MAGMO, SPLASH: Green et al. 2012b;
Dawson et al. in prep, respectively).
Caswell (1996) used the typical range of methanol-to-
OH maser peak flux density ratios (R) to introduce the
concept of “methanol-favoured” and “OH-favoured” maser
sites, where methanol-favoured correspond to R > 32 and
OH-favoured correspond to sites with R < 8. In a sample
of 57 methanol masers, Caswell (1996) noted that UCHii
regions were only detected towards three maser sites, all of
which were OH-favoured, a criterion met by only 6 sources
in the sample. In subsequent analysis of a largely indepen-
dent sample, Caswell (1997) found from a sample of 62
sources that 15/27 OH-favoured maser sites were associ-
ated with UCHii regions, compared to a solitary association
between an UCHii region and a methanol-favoured maser
site. Caswell (1997) therefore confirmed that stronger UCHii
regions were detected preferentially towards OH-favoured
sites, although cautioned this was a loose correlation with
a large amount of scatter. Caswell (1998) suggested an evo-
lutionary interpretation of these characteristics following a
scenario whereby the methanol maser emission was promi-
nent prior to the onset of OH maser emission, the OH and
methanol masers coexist at an intermediate phase and then
the emergence of an UCHii causes the methanol maser emis-
sion to fade prior to the OH masers.
Krishnan et al. (2013) compared the presence of rarer
class II methanol masers to the R values of each of the sites.
They found that 107-GHz methanol masers that also have
an associated 19.9-GHz methanol masers tended to have
lower R values, indicative of OH-favoured, or older sources,
while 37-GHz methanol masers tended to be associated with
less evolved sources, more often having higher R values.
Ellingsen et al. (2013) further investigated this trend, simi-
larly noting a preference for 37-GHz methanol masers to be
associated with methanol-favoured sources.
We have compared the R values for the large sample
of sources given in Caswell (1998) with the occurrence and
characteristics of corresponding 12.2-GHz methanol masers
detected in the longitude range 186◦ (through the Galactic
centre) to 20◦ (Breen et al. 2012a,b, and the current paper).
As expected, a large proportion of the OH-associated 6.7-
GHz methanol masers have associated 12.2-GHz methanol
masers: of the 163 6.7-GHz methanol maser sites in the
Caswell (1998) sample that have also been searched for
12.2-GHz emission, 101 (62 per cent) have associated 12.2-
GHz methanol maser emission (c.f. 45 per cent for the en-
tire methanol sample, consistent with previous findings that
the 12.2-GHz sources are present towards the later stages of
Table 3. Sources listed in Caswell (1998) that have been searched
for 12.2-GHz emission broken up into the categories of OH-
favoured (R < 8), methanol-favoured (R > 32) and intermediate
(8 ≤ R ≤ 32) and showing where both the 12.2-GHz detections
and non-detections fall.
Source type With 12.2-GHz Without 12.2-GHz
OH-favoured 34 48
Meth-favoured 29 2
Intermediate 38 12
Total number 101 62
the 6.7-GHz methanol maser lifetime, when the presence of
an OH maser becomes increasingly likely (Forster & Caswell
1989; Caswell 1997)).
Table 3 shows a breakdown of the different 6.7-GHz
methanol to OH maser peak flux density ratio categories:
OH-favoured, methanol-favoured, or intermediate (corre-
sponding to sources falling in-between the ratio categories)
for both 12.2-GHz methanol maser detections and non-
detections. The 12.2-GHz detections are fairly evenly spread
across the three categories, whereas the 12.2-GHz non-
detections are dominated by sources falling in the OH-
favoured category. The fraction of 12.2-GHz detections
across the R categories shows a clear trend, preferring the
methanol-favoured sources (94 per cent), then the interme-
diate sources (76 per cent), and, finally, the OH-favoured
sources (41 per cent).
We have compared the 12.2-GHz methanol maser lu-
minosity (calculated using the Hi self-absorption distances
(Green & McClure-Griffiths 2011) or the near kinematic dis-
tance using the Reid et al. (2009) prescription) with the
peak 6.7-GHz to OH ratio for the sample of 163 sources
overlapping with the Caswell (1998) OH maser sample
(shown in Fig. 4). There is a general trend whereby the
more luminous 12.2-GHz methanol masers are associated
with the sources with larger values of R (tending towards
the methanol-favoured sources). Since 12.2-GHz methanol
masers are generally detected towards the more luminous
6.7-GHz methanol masers and they are found to increase
in luminosity together with evolution, this seems expected.
However, initial consideration of the general slope in Fig. 4
might seem to suggest an inconsistency between the two evo-
lutionary trends discussed previously: 1) 12.2-GHz methanol
masers increase in luminosity as they evolve; and 2) OH-
favoured sources (R < 8) are associated with a generally
later evolutionary stage of star formation than sources with
larger values of R.
Breen et al. (2011) compared the luminosities of 6.7-
and 12.2-GHz methanol masers with the occurrence of OH
maser emission in their fig. 5. The plot shows that for a given
6.7-GHz luminosity the OH-associated sources generally lie
at a lower 12.2-GHz luminosity than those sources without
OH maser emission. This may suggest a ‘turn-over’ in the
methanol maser luminosity nearing the end of the methanol
maser lifetime. It is evident in Fig. 4 that the vast majority
of sources present on this plot have log 12.2-GHz peak lumi-
nosities (Jy kpc2) greater than 2, placing them at the high-
end of the 12.2-GHz population [fig. 8 of Breen et al. (2011)
shows the full range of the 12.2-GHz peak luminosities ex-
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Figure 4. Log of the 12.2-GHz peak luminosity (Jy kpc2) versus
the log of the 6.7-GHz methanol to OH maser peak flux density
as listed in Caswell (1998). Black dots represent those sources
where precise positions for the methanol maser emission were
not available and as such an association could not be assured
(Caswell 1998), pink dots represent the majority of the sample
where an association had been confirmed. The green shaded area
represents the portion of the plot where “OH-favoured” sources
fall (corresponding to R > 8) and the mauve shaded area shows
the “methanol-favoured” section (corresponding to R > 32).
tend to values a factor of ∼300 lower than this (to ∼-0.5),
and the majority have log values less than 2], beyond the
luminosity of the majority of sources. An interpretation con-
sistent with this, combined with the comparisons with the
R value explored here would be that the 12.2-GHz methanol
masers increase in luminosity with evolution (as previously
suggested), reach a peak 12.2-GHz luminosity around the
time that a weak OH maser becomes detectable, and then
as they continue to evolve, the OH maser increases in lu-
minosity, accompanied by a decrease in 12.2-GHz methanol
maser luminosity. Undoubtedly, the maximum luminosity
attained by the respective maser species is related to the
mass of the associated protostar which would be responsible
for some of the scatter in plotted luminosities together with
the uncertainties in distance determinations.
Fig. 5 shows the 6.7-GHz methanol maser luminosity
plotted against the 1665-MHz OH maser luminosity and
those sources associated with UCHii regions (Caswell 1998)
have been marked. As expected, few methanol-favoured sites
(2) are associated with radio continuum, whereas 10 OH-
favoured sites have readily detectable UCHii region (note
that only 8 are plotted on Fig. 5 due to the absence of dis-
tances for 2 sources).
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Figure 5. Log of the peak 6.7-GHz methanol maser luminosities
(using peak flux densities taken from the MMB survey data; in
units of Jy kpc2) versus log of the 1665-MHz OHmaser luminosity
(Caswell 1998, Jy kpc2). The coloured shapes represent those
sources where Caswell (1998) reports an associated UCHii region,
broken up into OH-favoured (green squares), intermediate (pink
stars) and methanol-favoured (mauve triangles).
5.3 Comparison with GLIMPSE emission
Comparing the occurrence of masers with different
GLIMPSE point sources properties has been the focus
of several analyses (e.g. Ellingsen 2006; Breen et al. 2011,
2010b) using combinations of 6.7- and 12.2-GHz methanol
masers, as well as OH and water masers. Each of these in-
vestigations has revealed that the maser emission is associ-
ated with ‘extreme’ GLIMPSE sources, chiefly lying at val-
ues separated from the bulk of a standard set of comparison
sources in any combination of colour and magnitude plots.
All of these early analyses have been limited to sources that
are well characterised as point sources in several, or all, of
the GLIMPSE IRAC (Infrared Array Camera) bands.
Gallaway et al. (2013) studied the mid-infrared environ-
ments of 776 of the MMB 6.7-GHz methanol masers using
the full GLIMPSE survey data; they extended the sam-
ple beyond the well-fitted point sources by employing an
adaptive noncircular aperture photometry technique to de-
termine the fluxes of the four IRAC bands towards each of
the methanol maser sources. Using their larger, and more en-
compassing sample, they found remarkably similar results to
previous large investigations using GLIMPSE point sources;
that the sources associated with 6.7-GHz methanol masers
are significantly redder than the vast majority of general
GLIMPSE population.
Fig. 6 presents a [3.6] - [4.5] versus [5.8] - [8.0] colour-
colour plot using the Gallaway et al. determined IRACmag-
nitudes. The figure shows the majority of sources plotted
on the corresponding figure 7 from Gallaway et al. (2013)
and thus is overall very similar. However, in our plot we
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Figure 6. Colour-colour plot of GLIMPSE data. The black dots
represent all of the GLIMPSE point sources within 30 arcmin of
l = 326.d5, b = 0.d0. Sources with 12.2-GHz emission (dark pink
dots), no 12.2-GHz counterparts (mauve dots), water masers (blue
triangles), no water masers (inverted green triangles) have been
plotted. Note that only a subset of sources plotted have been
searched for water maser emission.
have distinguished those 6.7-GHz methanol masers with and
without both 12.2-GHz and 22-GHz counterparts. As ex-
pected, the maser-associated sources are much redder than
the plotted comparison sources, and also often tend to have
a relatively large excess of 4.5-µm flux (as previously noted
for methanol-associated sources Breen et al. 2011). We find
no significant differences in the distribution of the IRAC
colours associated with and without either 12.2-GHz or wa-
ter masers. Although we are dealing with only small num-
bers, a possible exception to this is a tendency for the water-
associated sources to be located around the edges of the
range of values occupied by the maser-associated sources in
Fig. 6, with an absence of any sources falling in the cen-
tre of this range. In practical terms, this would mean that
the water-associated sources tend to have either very similar
magnitudes in adjacent IRAC bands, or far separated val-
ues; perhaps indicating a tendency for the water masers to
be associated with EGO-like sources (sources with a 4.5-µm
excess) or sources within regions of dominant PAH emission.
Several previous investigations have compared the
GLIMPSE colours for sources harbouring different maser
species, attempting to correlate maser evolutionary time-
lines with changes in the associated mid-infrared source
properties. Both Ellingsen (2006) and Breen et al. (2011)
found that methanol maser sources also showing OH maser
emission have relatively brighter 8-µm emission, the latter
investigation also noting an increase in the 4.5-µm band
for these sources. Ellingsen (2006) also found that class II
methanol masers associated with class I sources generally
have redder GLIMPSE point source colours, which they sug-
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Figure 7. Distribution of 6.7-GHz methanol masers through
the four infrared morphology categories (explained in the text;
Gallaway et al. 2013). Mauve shows the sources without 12.2-
GHz counterparts and overlaid are sources with associated 12.2-
GHz emission (black hashing), and green shows the distribution
of sources in the 6◦ to 20◦ longitude region with associated wa-
ter masers (note that sources without water masers also show a
similar distribution).
gested was consistent with the class I methanol masers be-
ing associated with the younger sources. Subsequent stud-
ies have shown that this is not the case for all class I
methanol masers with several examples of their association
with older sources, sometimes tracing expanding Hii regions
(e.g. Voronkov et al. 2006, 2010a). However, these previous
results are small exceptions to an otherwise general lack of
difference between the properties of GLIMPSE sources asso-
ciated with different combinations of maser species (as seen
here), leading to the suggestion that mid-infrared properties
on this scale are less sensitive to small evolutionary changes
than the different maser species.
Gallaway et al. (2013) inspected the infrared sources as-
sociated with each of the masers and characterised them
as being either: 1) associated with an IRDC with no de-
tectable IRAC counterpart; 2) associated with an IRAC
source imbedded within an IRDC; 3) associated with an
infrared-bright source, often extended and with no IRDC;
4) associated with neither an IRDC nor detectable emis-
sion counterpart. It was found that the majority of 6.7-GHz
methanol masers (62 per cent) fall under the third cate-
gory, followed by the second (21 per cent). We have in-
vestigated the distribution of Gallaway et al. categories for
sources with and without 12.2-GHz methanol masers across
the total longitude range (i.e. 186◦ to 20◦; plotted in Fig. 7)
and find that there is no difference between the distributions
for 6.7-GHz masers with and without 12.2-GHz emission. We
have also investigated the occurrence of water maser sources
in the 6◦ to 20◦ longitude range and again find that there is
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no difference in the distribution of sources throughout the
infrared morphology categories.
We therefore corroborate a marked difference in the
infrared properties of sources with and without masers
(as noted in previous large investigations; Ellingsen 2006;
Breen et al. 2011; Gallaway et al. 2013), but there is little
or no difference between sources with and without the dif-
ferent types of masers, either in colour or morphology.
6 SUMMARY
We present a search for 12.2-GHz methanol masers towards
a complete sample of MMB 6.7-GHz methanol masers de-
tected in the Galactic longitude range 10◦ to 20◦. In to-
tal, 47 12.2-GHz methanol masers were detected towards 99
6.7-GHz targets. This catalogue is the third in this series,
now covering all 6.7-GHz methanol masers across the lon-
gitude range 186◦ (through 0◦) to 20◦. The MMB survey
extended further north to 60◦ and we will present 12.2-GHz
observations towards these remaining sources following the
publication of the 6.7-GHz methanol maser targets.
We have compared the occurrence and characteristics of
our 12.2-GHz methanol maser detections with: water maser
emission observed towards all MMB sources in the 6◦ to 20◦
longitude range; 6.7-GHz methanol to OH maser peak flux
density for all appropriate sources in the 186◦ (through 0◦)
to 20◦ longitude range; and the association with GLIMPSE
sources from Gallaway et al. (2013), a catalogue of sources
not restricted to emission well fitted by a point sources (un-
like many previous analyses). Each of these investigations
primarily focused on furthering the evolutionary scenario for
the different maser species. Through comparisons with the
ratios of 6.7-GHz to OH maser peak flux density it appears
that 12.2-GHz methanol masers experience a ‘turn over’ in
peak flux density, beginning the decline around the time that
OH masers become detectable. It is likely that the proximity
of the class II methanol and OH masers to the young stellar
object makes them more direct and reliable tracers of phys-
ical changes in the nearby environment. We suggest that
water masers do not neatly trace one evolutionary stage of
high-mass star formation regions, rather that they accom-
pany specific physical conditions (e.g. outflows and other
shocks, PAH emission) which can occur at different times
throughout the high-mass star formation lifetime.
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